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The f u t u r e e x p l o i t a t i o n o f c o b a l t -r i c h manganese c r u s t d e p o s i t s w i l l r e q u i r e a dependa b l e s y s t e m t o c h a r a c t e r i z e t h e s e d e p o s i t s a t p o t e n t i a l s e a b e d m i n i n g s i t e s . T h e B u r e a u o f M i n e s i n i t i a t e d r e s e a r c h t o d e v e l o p a new sampl i n g d r e d g e b y c o n d u c t i n g a s e r i e s o f l a b o r at o r y p h y s i c a l p r o p e r t y and c u t t i n g t e s t s on p r e v i o u s l y c o l l e c t e d c r u s t and s u b s t r a t e samp l e s . U s i n g t h e e n g i n e e r i n g p a r a m e t e r s d e r i v e d f r o m t h e s e d a t a , t h e B u r e a u , w i t h t h e c o o p e r at i o n
o f t h e M i n e r a l s Management S e r v i c e and U.S.
beological Survey, desiyned and cons t r u c t e d a new sample dredge system. This system was t e s t e d d u r i n g a s a m p l i n g c r u i s e a b o a r d t h e KV F a r n e l l a n e a r J o h n s t o n I s l a n d i n December 1986.
The new system i s c a p a b l e o f f r a g m e n t i n g and c o l l e c t i n g i n s i t u c r u s t ana s u b s t r a t e w h e r e t h e seabed i s r e l a t i v e l y f l a t .
Where t h e s e abed i s rugged, the system i s l e s s e f f e c t i v e . T h e r e s e a r c h e f f o r t p r o v i d e d v a l u a b l e i n p u t t o f u t u r e d e s i g n s .
INTRODUCTIUN S u c c e s s f u l c o m m e r c i a l e x t r a c t i o n o f c o b a l t -r i c h manganese c r u s t d e p o s i t s w i l l r e q u i r e d dependable s y s t e m t h a t
c a n r e t r i e v e r e p r e s e n t a t i v e s a m p l e s , so t h e d e p o s i t s c a n b e c h a r a c t e r i z e d and c r e d i b l e e s t i m a t e s made o f r e t u r n on i n v e s t m e n t .
W i t h o u t s u c h c a p a b i l i t y , t h e m i n i n g i n d u s t r y will n o t v e n t u r e t h e c a p i t a l n e c e s s a r y t o e x p l o i t t h e s e p o t e n t i a l l y v a l u a b l e d e p o s i t s .
iMany dredge oesigns have evolved over. Lhc. lidst. 30 y e a r s Llj for sampling seabed deposith.
~L I I I~I I~ t h e m o s t p o p u l a r i s t h e c h a i n -b a y dredyc!, p r i~~u t -i l y b e c a u s e o f i t s s i m p l i c i t y .
The chain-bdy dredye
a r e c t a n g u l a r o r c i r c u l d r s t e e l f r a n e t o w h i c h l e n g t h s o f c h a i n a r e a t t a c h e d by shackles.
The l e n g t h s of c h a i n a r e i n t e r c o nn e c t e d t o f o r m a c h a i n s l e e v e , and t h e l o w e r end o f t h e c h a i n s l e e v e i s p u r s e d t o g e t h e r f u r c l osure. The c h a i n -b a g u s u a l l y h a s a r e m o v a b l e i n n e r l i n e r o f n y l o n f a b r i c .
T h i s
o r e d g e , k i t h i t s " o p e n m o u t h " d e s i g n , i s s u i t a b l e f o r c o l l e c t i n g l o o s e " t a l u s " s a m p l e s and c a n a l s o b r e a k o f f and c o l l e c t i n s i t u m a t e r i a l if it o c c u r s as weak p r o j e c t i o n s .
It is, however, l e s s e f f e c t i v e on smooth ocean floor, because i t l a c k s t h e a b i l i t y t o b i t e i n t o t h e s u r f a c e .
C o n s e q u e n t l y , i t c a n n o t c o n s i s t e n t l y fragment and collect competent seabed crust such as t h e c o b a l t -r i c h , manganese c r u s t d e p o s i t s t h a t a r e o f c u r r e n t i n t e r e s t .
It t e n d s t o b o u n c e ana s k i p , r e s u l t i n g i n s a m p l e c o l l e c t i o n o v e r a cons i d e r a b l e d i s t a n c e and depth and, because c r u s t s a r e o f t e n firmly a t t a c h e d t o h a r d s u b s t r a t e , t h e dreayed sample may n o t b e r e p r e s e n t a t i v e o f t h e a r e a of i n t e r e s t L 2 j .
F o r m i n e p l a n n i n g , a cont i n u o u s s a m p l i n g s y s t e m t h a t c o l l e c t s i n a manner s i m i l a r t o t h e p r o b a b l e m i n i n g s y s t e m i s d e s i ra b l e . T h i s i s b a s e d on t h e s u p p o s i t i o n t h a t i f a m i n i n g s y s t e m i n c l u d e s d e s i g n p r i n c i p l e s f r o m a s u c c e s s f u l l y , o p e r a t e d s a m p l i n g a e v i c e , t h e n t h e s y s t e m o u g h t t o h a v e a reasonably good expectat i o n f o r success.
The c r u s t d e p o s i t s o f i n t e r e s t w e r e i n t h e v i c i n i t y o f J o h n s t o n I s l a n d a t a d e p t h o f 2,000 t o 3,000 m (6,500 t o 9,800 f t ) .
The p r i m a r y o b j e c t i v e o f t h e RV F a r n e l l a s a m p l i n g c r u i s e was t o o b t a i n a b u l k s a m p l e o f 4,500 t o 5,500 kg (l0,UUO t o 12,000 I b ) of c r u s t and s u b s t r a t e m a t e r i a l . The m a j o r p o r t i o n o f t h e s a m p l e was d e s t i n e d f o r t h e B u r e a u o f N i n e s ' S a l t L a k e City R e s e a r c h C e n t e r f o r e x t r a c t i v e m e t a l l u r g y research, and a s m a l l e r amount was i n t e n d e d f o r t h e B u r e a u ' s Twin C i t i e s K e s e a r c h C e n t e r f o r p h ys i c a l p r o p e r t y and c u t t i n g t e s t s . O t h e r p a r t i c ip a n t s w e r e t h e G e o l o g i c a l S u r v e y o f Japan and t h e J a p a n K e s o u r c e s A s s o c i a t i o n , w h i c h w e r e t o s h a r e i n t h e d i s t r i b u t i o n o f s a m p l e m a t e r i a l .
R e c o g n i z i n g t h e l i m i t a t i o n s o f e x i s t i n g c h a i n -b a g dredges, the U.S. Geological Survey, which had o v e r a l l r e s p o n s i b i l i t y f o r t h e c r u i s e , s u g g e s t e d t h a t t h e B u r e a u o f M i n e s s t u d y p o s s i b l e i m p r o v ements i n t h e d r e d g e s a m p l i n g s y s t e m .
Of p a r t i c ul a r i n t e r e s t was t h e d e v e l o p m e n t o f a s y s t e m t h a t c o u l d f r a g m e n t ana c o l l e c t c o m p e t e n t i n s i t u c r u s t m a t e r i a l w i t h minimum d i l u t i o n b y t h e b a rr e n s u b s t r a t e . I n t h i s r e s p e c t , t h e s u c c e s s o f any f u t u r e seabed crust mining system would depend on t h e e x t r a c t i o n o f t h i s i n s i t u m a t e ri a l , r a t h e r t h a n on t h e c o l l e c t i o n o f o n l y l o o s e t a l u s .
The F a r n e l l a c r u i s e p r e s e n t e d t h e o p p o rt u n i t y t o t e s t a new dredge system. d i t h f i n a n c i a l s u p p o r t f r o m t h e U.S. M i n e r a l s Management S e r v i c e , t h e s u r e a u p r o c e e d e a w i t h t h e development of a new system. However, t h e timeframe proved t o be a major obstacle. The accelerated schedule increased the risk of the venture, because i t did not allow f o r f u l l -s c a l e on-land testing.
Using standard chain-bag dredges, the Farnella collected more than the required quantity of bulk sample a t an on-bottom sampl ing r a t e of approximately 175 kg/km (700 lb/nmi).
The portion of the collected sample broken from in situ crust was estimated at 83 pct over 25 dredge hauls. The average dilution by the barren substrate was 80 pct. This sample material was s a t i s f a c t o r y f o r i t s intended use.
During t h i s sampling, one of the Bureau dredges was deployed. Because of l o g i s t i c s problems with t h e heavy Bureau dredge, which were compounded by adverse weather conditions, the test o f the Bureau system was limited to one run.
The dredge fragmented and collected about 30 kg (65 lb) of c r u s t and substrate material, in spite of the f a c t t h a t the seabed topography was extremely rugged -a condition not foreseen i n the design. The Bureau sample contained no v i s i b l e t a l u s , and dilution by barren substrate was approximately 50 pct. This test confirmed t h e a b i l i t y of the Bureau's c u t t i n g system t o shear off competent crust and substrate.
The primary value of this exercise was the knowledge gained, Effective sampling dredges for mineral exploration and tonnage and grade estimates should incorporate a cutting system principle s i m i l a r t o the Bureau design in order to fragment and c o l l e c t competent in situ material. This is necessary because sampling requirements f o r mining purposes are different than those for geologic purposes, which are concerned with such things as composition, structure, and genesis.
In addition, the dredge design cannot limit i t s operation t o a specific seabed topography.
The unpredictable ocean floor demands a system applicable t o a variety of topographies, b o t h rough and smooth.
The insight gained t h r o u g h the design, construction, and t e s t i n g of the Bureau dredge system wi 11 lead to mre universally applicable dredges in the future.
DESIGN OF bUREAU SWPLING DHEUGE
Design C r i t e r i a
The Bureau dredge was designed t o meet the following criteria: -1. Ability to cut an in s i t u sample The primary goal of the Bureau dredge was t o continuously cut and collect manganese crust t o a preset depth.
-2. Minimize hangup potential
The loss of dredges on t h e seabottom i s a common occurrence, and one t h a t i s a n t i c i p a t e d on any sampling cruise.
The equipment may hang up behind or between projections, and with pulling capability limited to that provided by a single wire rope, such losses are inevitable with even t h e most careful procedures. This i s one of the reasons favoring the relatively inexpensive chain-bag dredge, since they are considered "throwaways" that are easily rep1 aceable. The more complex, and therefore more expensive, Bureau dredges did not fall into this category, so much consideration was given t o minimizing the danger of hangups.
--3. Limit-aredge pull ing force
The single half-inch tow cable had a design yield strength of 133,000 N (30,000 l b ) , b u t i t was necessary to limit tension to about 90,000 N (20,000 l b ) , & irreversible cable stretch can occur above t h i s load.
Ability t o reject loose talus
As the primary duties of the Bureau sampling dredges were t o fragment and c o l l e c t competent in s i t u c r u s t m a t e r i a l , i t was necessary to include t h e means t o r e J e c t t a l u s m a t e r i a l , so storage space within the dredge could be reserved for the fragmented material.
------ A s e r i e s of petrographic, physical property, and cutting t e s t s had been conducted on this material to provide background information for the future design of seabed mining systems L3].
The t e s t r e s u l t s were used t o calculate the total number of b i t s t h a t would De used and the weight of the full-size dreage.
The dredge was designed to cut a nominal 2.54 cm (1 in) aeep in crust material, and the Cutting force was not t o exceed 18,006 N (4,000 lb). Limiting the cutting force to these values would keep the total pull on the cable at the surface below t h e s a f e working load f o r t h e 12-mm (1/2-in) cable.
The cutting force for an individual cutter was calculated by taking the mean of the average cutt i n g f o r c e s a t t h e 2.54-cm (1-in) depth of cut
i m a t e l y 1,000 td ( 2 2 0 I b ) p e r b i t a n d w i t h a t o t a l p u l l f o r c e o f 18,000 N (4,000 I D ) a v a i l a b l e , u p t o 18 c u t t e r s c o u l d b e u s e d . To a l l o w f o r c u t t i n g d e e p e r t h a n 2.54 cm (1 i n ) and f o r c u t t i n g i n h a r d e r s u b s t r a t e s , t h e maximuni numb e r o f c u t t e r s was l i m i t e a t o 11.
Once t h e m a x imum number o f c u t t e r s was s p e c i f i e d and t h e n o
r m a l o r down f o r c e a c t i n g o n e a c h c u t t e r known, t h e w e i g h t o f t h e d r e d g e c o u l d b e c a l c u l a t e d . A t t h e 2.54-cm ( 1 -i n ) d e p t h o f c u t , t h e mean o f t h e a v e rage normal forces was a p p r o x i m a t e l y 4 0 0 N (90 l b ) p e r b i t ; hence, 11 b i t s w o u l d r e q u i r e 4,400 N ( 1 , 0 0 0 l b ) . A g a i n , t o a l l o w f o r d e e p e r c u t s a n d h a r d e r s u b s t r a t e s , a t o t a l f o r c e of 11,000 N ( 2 , 5 0 0 I b ) was made a v a i l a b l e t o t h e b i t s . Because o f t h e t w o p o i n t s o f c o n t a c t o f t h e d r e d g e b o d y o n t h e b o t t o m a n d t h e l o c a t i o n o f t h e c e n t e r o f g r a v i t y , a t o t a l a r e d g e w e i g h t o f 3,000 kg (6,6UO 10) was r e q u i r e d t o s u p p l y t h i s f o r c e . F i n a l l y , t h e l a r g e s t v a l u e s o f b o t h t h e peak c u tt i n g f o r c e and n o r m a l f o r c e w e r e u s e d t o d e s i g n t h e s t r e n g t n o f t h e b i t h o l d e r s and b i t s u p p o r t s t r u c t u r e o f t h e d r e d g e . F r o m t h e i n f o r m a t i o n o b t a i n e d f r o m t h e s e t e s t s e r i e s ,
i t was d e t e r m i n e d t h a t t h e c o b a l t -r i c h manganese c r u s t r e s p o n d e d t o c u t t i n g i n a manner s i m i l a r t o a s o f t t o medium-hard coal L3j. This f i n d i n g was o p p o r t u n e b e c a u s e t h e B u r e a u p r o j e c t p e r s o n n e l h a v e e x t e n s i v e e x p e r i e n c e with c o a l c u tt i n g t e c h n o l o g y . Most c o a l c u t t i n g m a c h i n e s employ a t u n g s t e n c a r b i d e -t i p p e d s t e e l d r a g b i t w i t h e i t h e r a r a d i a l o r c o n i c a l s h a p e . F o r t h e B u r e a u d r e d g e s , t h e r a d i a l c o n f i g u r a t i o n was s e l e c t e d , and t h e d e s i g n e f f o r t was t h e n f o c u s e d on i n c o r p o r a t i n g t h e s e b i t s i n t o an e f f i c i e n t c u tt i n g system.

Simulated Uredge Tests The c u t t i n g s y s t e m h a d t o m e e t t w o p r i m a r y requirements: (1) It had t o h a v e t h e a b i l i t y t o c u t b o t h c r u s t and s u b s t r a t e m a t e r i a l w i t h t h e s m a l l e s t p o s s i b l e c u t t i n g f o r c e , and ( 2 ) i t had t o h a v e t h e a b i l i t y t o move t h e c u t t i n g s back up i n t o the dredge body.
To t e s t a v a r i e t y o f s y s t e m d e s i g n s q u i c k l y , a h a l f -s c a l e c u t t i n g s y s t e m t e s t e r was c o n s t r u c t e d ( f i g . 2 j . T h i s t e s t e r was a s l e d -l i k e a f f a i r t h a t a l l o w e a d i f f e r e n t c u t t e r
systems t o be attdched.
The t e s t S l e d w e i g h e d 1,76U kg (800 1b) f u l l y loaded and was p u l l e d a c r o s s a s i m u l a t e d C r u s t s u r f a c e b y a t r a c t o r .
A l o a a c e l l was used t o m e a s u r e t n e p u l l i n g f o r c e , w h i c h was r e c o r d e d o n a s t r i p c h a r t f o r l a t e r a n a l y s i s .
The t e s t speed was 15 t o 30 cm/sec (6 t o 12 i n / s e c ) , and t h e l e n y t h o f each t e s t was 1.2 t o 2.4 m (4 t o 8 ft), o r u n t i l a s t e a d y s t a t e c o n a i t i o n was reachea.
A l l c u t t i n u s y s t e m t e s t s w e r e c o n d u c t e d i n a simul a t e d c r u s t m a t e r i a l composed o f a l o w -s t r e n g t h gypsum-based p l a s t e r . To v e r i f y t h a t t h e c u t t ab i l i t y o f t h i s m a t e r i a l was s i m i l a r t o t h a t o f m a n g a n e s e c r u s t , s e v e r a l s i n y l e -b i t c u t t i n g t e s t s w e r e c o n a u c t e d . T h e c u t t i n g f o r c e s w e r e f o u n d t o c o m p a r e r e a s o n a b l y w e l l w i t h t h e s e o b t a i n e d i n r e a l c r u s t w i t h t h e same c u t t e r .
A t o t a l o f 35 m (120 f t ) o f 61-cm ( 2 -f t ) w i d e t e s t b e d s w e r e c o ns t r u c t e d f o r t h e t e s t s . The p l a s t e r was s i m p l y p o u r e d i n t o f o r m s and a l l o w e d t o d r y , w h i c h g a v e a l o c a l r e l i e f o f a p p r o x i m a t e l y 2.5 t o 5 cm (1 t o 2 i n ) .
The c u t t i n g s y s t e m s t e s t e a w e r e made up of f i v e t u n g s t e n c a r b i d e -t i p p e d d r a g c u t t e r s , s p a c e d
1.5 t o 3.8 cm (0.6 t o 1.5 i n ) a p a r t , and welded t o a s t e e l p l a t e . T h i s c u t a p a t h a b o u t 1 8 cm ( 7 i n ) wide ana 1.3 t o 2.5 cm ( 1 / 2 t o 1 i n ) deep i n t h e s i m u l a t e d c r u s t . T h r e e m a j o r c u t t i n g d e s i g n s w e r e i n v e s t i g a t e d : The f o r w a r d V-shape, t h e r e v e r s e V-shape, and t h e s t r a i g h t edge.
The t e s t r e s u l t s show t h e f o r w a r d V -s h a p e w i t h a ramp mount t o b e t h e o p t i m u m d e s i g n f o r b o t h c u t t i n g and p i c k i n g up t h e c u t m a t e r i a l .
The f i n a l c u tt e r a r r a y d e s i g n c a n be seen i n f i g u r e 3. T h i s c u t t e r d e s i g n r e q u i r e d a n a v e r a g e p u l l f o r c e o f 5,560 N (1,25U l b ) w h i l e a c h i e v i n g an average d e p t h o f c u t o f 2.5 cm (1 i n ) .
The t e s t s p r o v e d t h a t t h i s d e s i g n w i t h r a m p -m o u n t e d b i t s
was v e r y e f f i c i e n t i n m o v i n g t h e c u t t i n g s up and back i n t o t h e s a m p l e s t o r a g e b a s k e t .
T a r g e t U e p o s i t A s s u m p t i o n s B a s e d o n s k e t c h y i n f o r m a t i o n f r o m p r e v i o u s s u rveys, i t was known t h a t t h e s e a b e d t o p o g r a p h y i n t h e a r e a o f i n t e r e s t n e a r J o h n s t o n I s l a n d h a s a b o t t o m
d e p t h r a n g i n g f r o m 8 0 0 m t o 2400 m (2,600 f t t o 7,900 f t ) .
C o b a l t -r i c h , manganese c r u s t d e p o s i t s o f v a r y i n g t h i c k n e s s u p t o 9 cm (3.5 i n ) were known t o e x i s t o n t h e f l a n k s o f seamounts.
An a v e r a g e c r u s t t h i c k n e s s o f 2.5 cm (1 i n ) was assumed by C 1 ark L2].
A f u r t h e r assumption was made t h a t t h e maximum s l o p e o n t h e f l a n k s o f t h e s e a m o u n t s was 2 0 " , a n d t h e l o c a l r e l i e f was 2 1 m (+ 3 f t ) .
FIRAL DESIGN DETEKMINATION Based on t h e t a r g e t d e p o s i t a s s m p t i o n s and d a t a o b t a i n e a f r o m t h e l a b o r a t o r y a n d s i m u l a t e d d r e d g e t e s t s ,
t h e o v e r a l l s a m p l e d r e d g e d e s i g n was e s t a b l i s h e d .
The c o n c e p t s e l e c t e d was a p l a n e rt y p e o f c u t t i n g s y s t e m with t h e f o r w a r d V -s h a p e d c u t t e r a r r a y d e v e l o p e d d u r i n g t h e s i m u l a t e d d r e d g e t e s t s . u s i n g d e p t h -l i m i t i n g s k i s w h i c h c a n b e s e e n i n f i g u r e 3.
C u t t i n g System I d e n t i c a l V -s h a p e d c u t t e r a r r a y s w e r e m o u n t e d o n t h e t o p and b o t t o m o f t h e d
A 30-by 45-cm ( 1 2 -b y 1 8 -i n ) o p e n i n g i n f r o n t o f t h e c u t t i n g e d g e a c c e p t e d t h e c u tt i n g s w h i l e r e j e c t i n g t a l u s . 
The w i d t h o f t h e V -
Hangup Protection
To guard against the possibility of the dredge hanging up behind or between projections, the triangular yoke on the leading edge consisted of a solid wedge t h a t was intended t o a c t l i k e a sled and ride over obstructions. Continued pull on the cable would then upend the dredge and transfer the pull t o t h e a f t e r end, hopefully pulling the aredge f r e e of the obstruction.
FABRICATION OF SAMPLING DREDGES
A s stated previously, the fabrication of the dredges had t o proceed a t an accelerated rate, because the originally scheduled January 1987 sailing date was moved up t o l a t e November 1986 t o meet vessel scheduling requirements.
Consequently the project personnel had to forego the planned comprehensive program of mathematical modeling and on-land testing and proceed With fabrication based on original concepts. The primary dredge ( f i g . 3) had a shipping weight of 3,000 kg (6,600 lb) . Its overall dimensions were 1.5 m wide by 2.4 m long by 0.5 m high (5 f t wide by 8 f t long by 1 1 / 2 f t high). In order to establish the center of gravity in front of the cutters, sections of welded steel plates were stacked in the forward part of the dreage's interi o r .
The r e s u l t was a rather unbalanced appearance when the dredge was moved with a f o r k l i f t .
A t the time that the primary dredge was nearing completion, i t became obvious that there was insufficient time remaining t o f a b r i c a t e an ident i c a l backup unit. Fortunately, a prototype unit intended f o r dry land testing had been p a r t i a l l y fabricated and then abandoned e a r l i e r in the program.
When the sailing date was moved up, the plans for dry land testing were shelved and the prototype left unfinished.
As time became short, the prototype was resurrected and rushed t o completion.
A t 1,600 kg (3,500 lb) and overall dimensions of 1.2 m wide by 2.1 m long by 0.4 m high (4 f t wide by 7 f t long by 14 in high), the backup unit was somewhat smaller than the primary, b u t the design concept was essentially the same and the cutting system identical. B o t h dredges were airfreighted t o Honolulu and loaded on board the Farnella in time for the November 28 departure.
SEABED TESTING
A s stated earlier, the primary purpose of the c r u i s e was t o o b t a i n a t l e a s t 4.5 m t (5 s t ) of c r u s t and substrate samples for the Bureau of Mines S a l t Lake City Research Center. There was also an agreement with t h e Japan Resources Association, through t h e Japanese Government, t o t e s t two of t h e i r dredges and provide them with 0.9 t o 1.8 m t (1 t o 2 st) of sample material.
A representative of this organization, along with one from the Geological Survey of Japan, was on board to oversee their tests.
The bulk crust sample was collectea at the Karin Ridge and Johnston Island Sites using the USGS chain-bag dredges.
These dredges worked well in t h e rugged seabed terrain, the bulk sample being composed of about 17 pct talus material and 83 pct fragmented in situ rock, which was approximately 20 pct crust.
During a dredging run, early in the cruise, the wire rope slipped off the outboard sheave of the geophysical crane. This incident and space handling limitations promptea the decision to deploy the lighter Bureau dredge ( f i g . 4 ) .
The Johnston Island Site was selected for the t e s t of the Bureau system on December 3 because a bathynetric survey conducted previously had indicated that this probably would be t h e f l a tt e s t seabed t e r r a i n t o be encountered on the cruise. Spotting the dredge precisely a t predetermined coordinates was a problem with the i n t e r m i t t e n t s a t e l l i t e navagation, the wina, and the current.
As a result, the sea bottom where the dredge landed was extremely rugged.
Unlike t h e USGS chain-bag dredges and the Japanese dredges, the Bureau dredges rely on weight for bit penetration into the seabed crust. In order to maximize the weight on the Cutters, the wire-out-to-depth ratio was increased t o 1.6 from the typical 1.3. A 1,500-N (350-lbf) bite above the steady tension of 23,600 N (5,300 l b f ) marked t h e s t a r t of cutting. During the next 8 min, the cable tension peakea between 10,700 and 45,000 N (2,400 and 10,100 lbf) in seven distinct bites.
The dredge ran on bottom f o r approximately 240 m (800 f t ) duriny an 8-minute interval.
The unit then hung up on the rough seafloor. It was pulled free and hoisted on deck. Scour marks on t h e t o p and bottom of the dredge indicated i t had turned over at least once. About 30 kg (65 l b ) of fractured crust and basalt substrate (about 50 pct of each) was contained in the chip basket ( f i g . 5 ) .
The mean size Sample was about 50 m by 30 mm by 12 m ( 2 by 1.2 by 0.5 in), the largest dimension was 200 mm (8 i n ) , and the thicke s t was 90 mm (3.5 in).
R e d e p l o y m e n tedge; and weight could be maximized where r e q u i r e d f o r c c t t i n g and minimized elsewhere. 
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